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Descrintion of Structure

Unity Dam is locnted dbetween the towns of Unity and Baker, Oraszon
(Figure 1). The dam is & combination earth and rockfill structure
having a total drop of 55 feet from crest to stilling-pool. It inter-
cepts the flow of the Burnt Elver to form & reservoir with an estimated
capacity of 25,120 acre-feet at the maximum water surface elevation of
3820.0. A general plan of the dam 4s shown on Figure 2 and the spillway

is shown in nlan end section in Figure 3.

The outlet works and spillway, with designed capacities of 425 and

10,000 second-feet, respectively, are located near the risht sbutment
of the dam. The outlet, consisting of a single 7.5-foot IT circular
tunnel, curved in plan, has its exit in the risht wall of the spillway
stilling-pool. The spillway is controlled by two 24— by 16-foot radial
rates, 18 straight in plan, its centerline making an angle of approxi-
mately B4 desrees and 37 minutes with the axis of the dam.

Scope of Tests

Because of uncertainty as to the ability of the spillway to vass
the discharges rsquired while maintaining flow conditions not detri-
mental to the structure i1tself and surroundine topogravhy, 1t wes
decided to conduct e thorough investigation of the orisinal design
through the media of model tasts.
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To explore completely the performance characteristics of the
structure, the schedule of tests was arranged to give an adesquate indi-
cation of aach of the following:

1. Approach conditions to the gete structure for the
original design and for each of six alternate

desirneg tested.
Coefficients of discharge for the gate structure for

each of the approach designms.

Pressures experienced at critical pointe on the gate
structure and stilling-pool for the final damsign.

Flow conditions in the chute and stilling-pool for each
design tested.

The maximum tsilwater range for the original and final
designs,

Amount of scour below the stilling-pool for the
original and nine alternate desisms,

The effect of cutlet discharge on flow conditions in
the 8tilling-pool for the final desigm.

Summary of Results

1. The approach used in the original desisn was not completely
satisfactory above 80 percent maximum discharge because of turbulence
cavged by the abrupt transitions used. The uess of other desipns

incorporeting slopes and curves to soften these transitions 414 not

improve the performance sufficiently to justify the additional cost,

This was particularly true in view of the infrequent intervals during
which the atructure would be required to carry a discharge greater than
80 percent maximum.

2. It wae found that the original appvroach and gate structure
were capable of passings flowe approximately 3.5 percent greater than
for %he maximum designed (Fipure 8). The maximum diecharges for ell
of the revised approaches slightly exceeded that of the original
desipgn,




7, Preasure studies were made alons the csnierlinrs of the
channels on each tide of the rcete rtructure and at varicur pcinte in
the s5t11)inp-pool. The results of these studies are shown in
Firmure G.

o, b, Flow conditione were discovered to te satisfactory in the chute
as originally desisned. It was found, however, that the normal tailwater

. in the stilling-poocl was approximately 2 feet low for satisfactory
functioning of the hydraulic Jump 4in the pool. This resulted in a large
secondary wave about A0 feet downsiream from the end of the pool walls
(Fisure 11C) and decrsased the allowable tailwater range. After
extensive experimentation with regard to the most efficient meane for
combating this condition, a 3.5-foot step at Station 3+70.14, & 5.5-foot
g1l at Station b425.15 and a series of pool fillets were found to give
the best results (Figure 1C). Thene d1d not entirely eliminate the
secondary vave, but made the location of the jump more satisfactory and
FBve 8 J-foot vanze of ‘ailwater (Figure 12).

5. Thé originsl desien allowed a maximum range of the normal
tallwater elevation of 2 feet. 3By the use of the pool design described
above, a range of 3 feet wis easily obtainadle,

. The model was run for a total elapsed time of .5 hours at
various teilwater elevations with a 3.0-foct dentated step, a 5, 5-foot
elll, and stilling-pool fillets in place.‘ The scour was found to be of
small conseauence, and could be principally attributed to the cecondary
wave mentioned above (Fipures 12 and 1&). Removal of the dentatod step
rogsulted in severe scour downstream (Figure 15).

7. The outlet flow was found to be so small as to be of little
influence on flow conditions in the stilling-pool (Fisgure 13),

Description of Model

The model of Unity Dam Srillway wae constructed to a scale of 1:36
v and conelsted of a headbox, the entrance sand channel of the spillway,

. and a tailbox (Fieure &), The outlet was added at a later date, The
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headbecx was made of wnod with light aheet-maetal lining and encloeed
e roclk baffle for flow dintributisn, a portion of the toporraphy
upstoeam from the gote structure, ond a portion of the gate satructure
proper. The spillway entrance and channel were consiructed of sheet
metel and wood. The sallbox wrs conastructed 4n the same manner as

the he&dbox.and included a hinged, wooden canvas-lined gate for
Tegnlaling the tailwater alevation.

Yater columns nttached to piezometer openings 4in the head and
tallboxes were utillzed to measure the reamrveolr and tailwater
elevetions, The tonosraphy of the apnroach area representad in the
model was formed of a mixture of concrete, smell rocks, and sand.

That of the atilling-nen! ares was formed of sand only so that earosion
could be easily studied,

Apvroach Studies

The erizinal rrototype design provided for a right angle transition
between the upstream face of the dem and ths verticel left wall of the
gate structure (Fisure 2). This vertizal well erterded bhack to
Station 0499.70, 93.37 feet upstream from the crest axis, ita haight
decreasing at such a rate as to remain fluah with the facs of the danm.
During the initial test run of the model, before the radial gates weres
installed, it was cbvious that considerable turhulence was inherent in
the aprvroach chann2l when the maximum water surface elevaticn of 3829.0
was reached. Thie disturbance was caused hy the intersection of flow
acrose the face of the dam with that parallel to the avis of the
spillway. The condition was concentrated alrmost exclusively alonz the
left transition wall, that portion cccurringz along the rizht apnroach
wall beinz of minor masmitude (Fisure 5).

It wee decided to install the gzates and to determine at what
discharze, with constant rond elevation of 23820.0, this turdbulencs
becare appreciable. If the critical discharge proved to avproach the
maxirur desismned capacity of 10,000 secnnd-feet, 1t misht be advisadle

to retzin the orisinal spproach. Tests showed that such turbulence
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FIGURE 6

Revised Approsch Ho. 1. Revlsed Approach No. 2.
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bogan to focrm at £,250 second-feet with symmetrical sate operation,
increasing rapidly 4in macnttude ae the flow was increased 4o
10,000 aecend-feet., The critical dlscharge was therefores shown to
be elightly more than 80 percent nmaximum.

Since the occaninsne when it would be necessary to pass the maximum
flow threugh the structure would probably be rare, it seemed ransoneble
to recommend the retention of the oririnal apnroech design. FHowaver,
1t was requestsCd that an attenpt be nade to improve the approach
conditions ut high discharges. 3Several desicns were tested. The first
revision (Figures AA and 7) consisted of extending the gate structure
sldewalls back to Station 0499.70 with a oonstant height greatsr than
the maxirum weter surface elevation. The corners at Station 049°0.70
wire rouniad to u S~fooi radius to promots smoother flow at that point.
The parforranse (Figure AA) of this entrance wes an improvement over
the original, dut was not entirely satisfactory.

Revised Approaches 2, 3, and U (Fiqure 7) were attemrts to make
the transitien from the upstrearn dam face to the approack charnel less

abrupt by sudstitutines varicus intermediate elones, In each cese, the

turbulent ares still existed, althourh reduced in size., TFilmures 4B, C,

and D shiow the flow in these approaches.

Reviged Approachee 5 and 6 (Figure 7) were modifications of 1, with
the curves at the upstrean ends of the two walls extended to hecons
senmicircular in plan. The performance, Fisures &% and F, waz somewhat
improved over tha forner desirns. Tests wore gleo made nn the orizinal
approach with one grte open., When the right ~ate wes open, & marimum
flow of approximately 5,400 sacond-feet could bde paancd with a reservoir
elevation of 13820,0. No appreciablo turbulence in the apnroach channel
was apparent. Measurement of the meximum flow with only the loft zate
open was not made, but 1t was odbserved to be of about the same macnitude
as that for the richt eate. No unususl disturbances were noted in this

case aither.
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Upon balancins the eoat of the verfious revisions agnainst the
performance ohtained, it was declded to retaln the criginal approach,
becavee of 1is low cnst and adequate performance up to 80 percent

maxirmum ¢iacharge.

Spillway Calibratlion

Extensive tests were run on each approach except Nos, 5 and 6 to
obtain data for plotting head discharge and coefficlent curves,

Firure 8. ZExamination of the curves for the origzinal approach show =
raxinum flow of epproximately 10,350 second-feet for a head of 16 fest,
or 3.5 percent more than required. Revised Approaches 1, 2, 3, and L
rave slightly greater discharges then the original design at equivelent
heads, but the advantases of these designe were not considered sufficient
to warrant the additional expense,

?he original approach channel was agsin tested with the aporoach
floor raised to elevation 7804:.0 (the same as that of the crest). The
maximum discharge for this setup war about 92 percent cf that required
(Pigure 8), consequently this arrangement was shandoned., The orizinal

approach channel was therefore recommended as the final desirsn.

Pregsure Studies on Crest

Plezometers were installed on the crest as shown in Flzure 9.
Pressures and water surface profiles were taken for discharges of 10,000
and 5,000 second-~feet. The pressure distribution was satisfactory, and

no points of negative preasure could de found.

Stilling-pool Studies

The originel stilling-pool desipgn provided for th; vlacing of a
2.5-foot dentated step at Station 3470.16 and a 5.0-foot combination
Rehbock sill at Station +28.54, 58.5 feet downstream from the dentated
step (Figures 10 and 114). This arrangement was incorporated in the

model and a discharge corresponding to the maximum prototype of
10,000 second-feet allowed to flow down the 8pillway. The tailwater was
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St1lling pool and topography
downatream,

B. Position of hydraulic jump for
maximum discharge of 10,000 sccond-
feet. Tallwater El. 3771.0.

C. Position of asecondary wave. Maximum
diacharge of 10,000 second-feet.
Tailwater E1l, 3771,.0,

STILLING POOL STUDIES, ORIGINAL DESIGH




held at elevation 3771 (normal tailwater elevation, Figure 2). A
noticeatle secorndary wave oxisted approximitely A0 feet downstream
from the lower end of the training-welle, and the hydraulic Jump
cccurred too far downstream on the apron, indiceting a deficiency of
tallwoeter, Fisures 11B cud 3. 3By reicing the tailwater surfacs 2 Teet,
this wave disappenred, indicating that ths pool floor should be lowsrad
that anount, FHowaver, becuause of tha cost ¢f such axcavation, 1t was
decided to seecik another solution.

The haight of the dentuted step was {irst changed to 2,0 faet and
then to 3.5 feet in an effort tc remely the objectionahle featurss., No
differance in the relative «ffectiveness c¢f any one of the three sizes
could bhe noticed, except that the larzest step seemed $to be the more
vreferuble for the low discharse conditions. Pravious experience hed
indicnted thsi it was hest to have the effective haisht of the teeth
in the dentated step emial to the thickness cf the jat. Since the iat
was approximately 3.0 feet thick, it was decided tc use the 2.50-Font
step (effective halght about .0 fseet because of the 2.57 foot thiek
fillet later instslled betwaen the taeth, Fisure 10).

The Rehbock £411 was then moved upsirecm to a point correeponding

to Station L421.L40 on the prototype. This rnoved the position of the

Jump upstream, but caused a marked amount of wuash over the training-
walle st the higher diocharges. The secondery wave moved uvstream
15 feet from its ariginal position, butl wes apprecledbly incroaped in
size. This cclution was therefore nonsidered to bte undesirehle,
A 3,50-fo0t 8112 was next placed &f Stotior 4428.21. This caused
the secondary weve and the wash over the trofining-wells to disavpnear,
but decrensed the tuilweter range sufficiently to render it unsetisfactory.
4 series of fillete was then instslled in the pool (Fisure 10). The
811l was left at Station L428.66 but increased to UL,0 feet in height.
This proved to be s very poor deeisn as it caused the jump to move

beyond the limits of the training-walls, and raduced the teilwater range.




Substituting a 5.0-foot 8111 for the nne ahove incrensed the tailwater
range and forced the Jump upstream, but the secondary wave increased.
The slze of this sill exceeded practical limits.

It seemed advisable, therefore, to move the sill upstream. A
5.0-foot 811l and a 5.5-foot sil1 were tried at Statfon L+425,15, with
the larger sill proving the more satiefactory. This desisn =ave the
following performance (Figure 12):

1. Discharge = 5,000 second-feet, tailwnter varied
between limits of 3765.8 and 3747.8--conditions
very satisfactory.
Discharge = 8,500 second-feet, tailwater varied
between limits of 3768.1 and 3770.l--conditions
very satisfactory.
Discharge = 10,000 second-faeet (design me.ximum),
tadllwater varied between limits Of elevations 3768.0
and 3771.0--conditions satiufactory. The vosition
of the Ifront of the tump wns aporoximately 20 feet
upstream from the end of the training-wall. There
wees ne wash over the walls., The necondary wave still
exieted at normal tailwater, hut was reduced in size.
L, Discharge = 1L,000 seconé-faet, tailwater held at eleva-
tinn A77L.0--the hydraulic jump remained in the mool.
It wae therefore recommended thmt the final prototype pool desim inczlude
a 1,5foot dentated step at Station 470.15 aﬁd a 5.5~foot dentated
s111l at Station B4+25.25, with the fillets as shown in Figure 10.

Fragsure Studias for 8+illins—-pool

Piezoneters were Installed in the aillling-pool as shown in
Fieure 5. The pressure distribution obtained from these plezometers
is pvlotted on the name Tisure ae 2 metter of record.

Outlet Studies

Ths outlet works were installed éfter completion of the spillway

studies. This is shown to the risht of the spillwny on Figure 13A. Becsuse

of the relatively low-maximum discharge of the outlet (625 second-feet)
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FIGURE 13
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in comparison to that of the spillway, no troudble wns anticipated.
A serles of tests was mude with only the outlet discharzins and also

with the outlet discharging in conjunction with various spillway flows.

Ko detrimental conditions ware obsarved, and the design was consfﬁa:ed

to be ratisfactory. Figure 13B shows maximum discharge through the
outlet, and Figure 13C shows maximum diecharge both through the outlet

and over the spillway,

Scour Studises -

The final recommended pool desisn included a 3.5-foot dentated
step (effective heisht asporoximately 3.0 feet bhecause of the fillet
usad, Filgure 10). In meking the scour tests, it was decided to use a
3.0-foot dentated step to assure material displacement which in all
probability would be more pronounced than that occurring on the
prototype. ¥Yigure 154 shows the bed previous to the scour tests. In
the firet test the model was run at the maximum discharge of 10,000
second-feet for 90 minutes while the tailwater elevation was mainteined
at 3771.C. Very little scour was noted at the end of thia time
(Figureshlb and 158). There was very 1ittle displacement of the material
on both sideslopes, but & small amount of the riprep directly under the
escondary wave was moved. Most of the material moved from its original
location was deposited immediately downstream from the sill.

The model was next run at maximum dischargze for an additional
90 minutes at a tajlwater elevation of 3759.0. The topography below
the stilling-pool wac not reset, thus giving an indication of what the
scour would be at the end of 180 minutee. The low tailwnter ceoused &
turbulent condition which moved material from the nose of the il
embankment and from the side topography at elevations 3774 and 3775.
Ho movement was noticed on the right slope. The pocket formed in the
riprap on the 0.10 slope wae slightly larger, and more sand was deposited
immedintely downstream from the s8ill, Fipures 14 and 15C,

The third test consisted of runrning the model with tha same discharge
and a tailwater alévation of 3768.0 for an additional 90 minutes. The
topography was again left in the position it had assumed in the previous

test. It was found following the test that more scour action at the

22
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'l‘opogr-phy below stilling Scour caused by flow of
pool.

10,000 second-feot (Taille
walor B1, 3771.0) for ©o

minutes=podsl time .

Scour caused by flow of Scour cauz/d by flow of
10,000 seoond«feet (Tail=- 10,000 ssond-feat (Talle
wafer R1., 3771.0 for 90 waler E1. 3771,0 for 90
minutes, 3769.0 for 90

minutes, 3769,0 for 90
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model time, ’

minutes) for 270 minutes=
model timo,
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nose of the left £I11 embaniment and surrouniing topo,pupiy had
oocurred, rosulting in the formation of a gteer bank on that sice.
Tho en nlargement of the vocket in the riprevn, and the deposition of
material downstream from the 0411 nad uxlso continued (Fiimre 13D).

The scour coniitlons indicated by the performance of the model
ir thr shove testsz were not sufficient $o0 cause concern, leadine to the
conclurion that the pool design chosen would perform eatisfactorily. It
was sugmested that the worth of the dentated step could be Aemonstrated
more conclusively by rapentins~ the adove geriles of tests without it.
This procedure war followed, the results showing conclusively that the
dentated =%ep 're nrcesnary to reduce the volocilty of flov enterins the
pool and to aif in counterectins the effects of 2 normal tailwater
insufficiont for yraper operation of the hydreulic jump, In all casee,
the fump ocnurrad toe for downstream, with consequent severe scour, when
thn dentated step wee removed. The reeults of comparable scour teste

Tor the Aentated step ramoved are shown om Figure 4.

Recommendations

In view of the model results obtained, the follnwing recommnndations

ares made:

1. That thre oripinal appromch be retained T.eenuse the
turtuilence inhorent in thic lesipn does not appesr
oot et hish Glecherere and because of the sdci-
tional cost ‘nvnlvnd in the nliernate desiems.

the cririnal rote gtructure end channel te

That a 3.5-foot dentoted aten, 5.%~foot corbinatinn

a
Rehbosls s111, and a series of f4llets, an shown in

Tigure 10, be installed in the stilling-porl to

reduce scour and incrense the tezilwater ranen.
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- Beviewsr's Note

The model study on the Unity Dam 8pillwsy was performed in 1936.
This report was prepared in 1946 from the origina) notes and data.
Naturally, methods of testing and design conceptions have changed in

the intervening ten years, thus, the logic followad in the test prosram
described in this report differs somewhat from that which would be
followed today. '




